ABSTRACT. We have studied an &yr-old male patient with adenosine deaminase-positive severe combined immunodeficiency disease with a normal number of peripheral CD3+, T cell receptor-a/3+ T cells. The majority of these T cells expressed the CD8 molecule and were oligoclonal in nature as proven by Southern blot analysis of the T cell receptor genes. T cells failed to proliferate in vitro either upon stimulation with T cell mitogens or when stimulated with a combination of the phorbol ester phorbol myristate acetate and the Ca-ionophore ionomycin. High doses of recombinant IG2, when added to in vitro cultures, were able to restore proliferation induced by phorbol myristate acetate and ionomycin but the response to concanavalin A remained severely defective. However, activation of the patient's T cells with phytohemagglutinin or concanavalin A induced an increase of free cytoplasmic Ca++, which was 2-to 5-fold higher than in normal CD8+
T cells expressed the CD8 molecule and were oligoclonal in nature as proven by Southern blot analysis of the T cell receptor genes. T cells failed to proliferate in vitro either upon stimulation with T cell mitogens or when stimulated with a combination of the phorbol ester phorbol myristate acetate and the Ca-ionophore ionomycin. High doses of recombinant IG2, when added to in vitro cultures, were able to restore proliferation induced by phorbol myristate acetate and ionomycin but the response to concanavalin A remained severely defective. However, activation of the patient's T cells with phytohemagglutinin or concanavalin A induced an increase of free cytoplasmic Ca++, which was 2-to 5-fold higher than in normal CD8+ T cells. Furthermore, phorbol myristate acetate or phytohemagglutinin induced the translocation of protein kinase C from cytosol to plasma membrane. Analysis of membrane phospholipid composition of the patient's T cells disclosed that the ratio of phosphatidylcholine to phosphatidylserine was 5-fold higher than in normal T cells. The abnormal Ca++ response after activation with T cell mitogens as well as the high phosphatidylcholine/phosphatidylserine ratio may be causally linked to the defective in vitro T cell proliferation. Because the capacity of T lymphocytes to produce or respond to IL-2 may vary, the oligoclonality of the T cells of the patient should be considered as well in the explanation of defective cell proliferation. (3, 4) . The latter patients have nearly normal numbers of lymphocytes that are functionally deficient because of the absence of MHC products on the cell membrane (5) . Recently, a new form of SCID was defined in a patient with normal numbers of T cells with a defect in signal transduction (6) . In this patient's T cells, it was demonstrated that, in contrast to normal T cells, the T cell receptorlCD3 complex was poorly coupled to the phosphatidylinositide second messenger pathway.
We have studied T cell activation pathways in a patient with SCID with normal numbers of peripheral T cells. The majority of T cells were CD8+ and oligoclonal in nature (7) . Functional studies revealed a complete absence of in vitro mitogen-induced proliferation that could only partially be corrected by addition of IL-2. Analysis of mitogen-induced second messengers showed quantitative and qualitative abnormalities in the intracellular calcium response.
MATERIALS AND METHODS
Case report. The patient, a boy, was born in 1979 as the first child of healthy, unrelated parents. The diagnosis ADA' SCID was based on a severe hypogammaglobulinemia, the initial absence of peripheral blood T cells, and presence of ADA activity in the patient's red blood cells (7) . From the age of 4 y onward, rising numbers of CD3' T cells could be detected, which were almost exclusively CD8+ (CD4:CD8 ratio 0.1). A maternal origin of the T cells could be excluded by HLA-typing (7) . Between the ages of 4 and 6 y, the patient gradually developed hepatosplenomegaly and an interstitial pulmonary infiltrate of unknown origin. Biopsies of liver and lung revealed lymphoid infiltrates of CD8' T cells. Southern blot analysis of T cell receptor-/3 genes showed a restricted banding pattern, which indicated that at least three clonal T cell populations were present in peripheral blood, one of which had invaded the lung (7). The patient died at the age of 10 y of respiratory insufficiency.
Lymphocyte isolation and activation. Peripheral blood MNC were isolated by density gradient centrifugation of heparinized venous blood on Ficoll-Isopaque (Pharmacia, Uppsala, Sweden). Cells were cultured for 3-6 d at 37°C. 5% COz, 100% relative humidity in RPMI-1640 medium supplemented with penicillin (100 IU/mL), streptomycin (100 pg/mL), L-glutamine (2 mM), and 10% heat-inactivated human AB serum. MNC were cultured sample, 10 000 events were stored in list-mode and analyzed Phospholipid analysis. Purified T cells were suspended at a using Consort 30 software (Bectron Dickinson). concentration of lo7 cells/mL in medium (17 mM Tris in 0.9% NaC1, pH 7.2) containing I00 pCi of camer-free 32Pi (Amersham International). Cells were incubated for 2 h at 37"C, washed RESULTS AND DISCUSSION twice, and resuspended at 107/mL. Samples of cell suspension Peripheral blood MNC of the patient consisted predominantly (250 pL) were transferred to prewarmed test tubes containing 25 (up to 80%) of CD8' T cells. These cells expressed the a/@-T pL (20 pg) PHA or 25 pL medium and incubated at 37°C for cell receptor and, as assessed by Southern blot analysis of the T indicated times. Incubation was stopped by addition of 1 mL cell receptor-b genes, were oligoclonal in nature (7) . The patient's chlorofom/methanol/concentrated HCl (200: 100:2, vollvol). peripheral blood T cells did not proliferate, as assessed by tritiated After phase separation, the upper phase was discarded and the thymidine incorporation, when activated with mitogens like lower phase was washed two times with a mixture of chloroform/ PHA or ConA. Activation with ConA did not induce expression methanol1 0.6 M HC1(3:48:47, vollvol). Subsequently, the lower of the IL-2 receptor (Table 1) . Neither could proliferation be phase, which contains PI bisphosphate, PI phosphate, PI, phos-induced when cells were activated with the combination of the ~h a t i d~l i c acid, and other ~h o s~h o l i~i d s , was subjected to high-phorbol ester PMA and the calcium ionophore ionomycin (Table  performance thin-layer chromatogra~h~ according to Jolles et 1). This defective proliferative response can partly be explained (8). Labeled lipids were visualized by radioautography on by a defective IL-2 production because addition of IL-2 to the in KOdak X-omat (Eastman Kodak, Rochester, NY). vitro cultures normalized the PMA/ionomycin response ( Fig. 1) . he spots were scraped from the plates and counted for radio-The ConA response, however, was only partially corrected by activity.
addition of IL-2 ( Fig. 1) . Because cell activation with PMA and PKC activity assay. Purified cells (15 lo6 per time point) ionomycin bypasses the need for receptor-mediated transmemwere activated with bee above) and bed with Triton *-brane signalling, the defective proliferative response after ConA 100. Cytosol and membrane fractions were obtained by differ-activation could be due to a signalling defect in the patient,s ential centrifugation followed by diethylaminoethyl column cells. chromatography. PKC activity was defined as Of+-and phosWe therefore studied whether activation of the lympholipid-de~endent kinase activity and is expressed as pmol "P phocytes with mitogens would lead to activation of phospholiincorporated into substrate (histone 111 S) per min per mg protein (9). pase C and thus hydrolysis of membrane phosphatidylinositides. Intracellular calcium. MNC or purified cells were washed Figure 2 shows that the increase in PI and phosphatidylic acid and resuspended in RPMI-1640 medium at a concentration of in the patient's cells was comparable to that in control T cells. 10 x 106lmL. Cells were loaded with 4 pM of the acetoxymethyl We next studied whether both products of ~~o s~~o l i~a s e C, i.e. ester of indo-l (indo-1 AM; Molecular Probes, Eugene, OR) by inositol trisphosphate and DAG, can mediate their biologic incubation for 20 min at 3 7 0~ followed by a 40 min incubation functions. Translocation of PKC from the cytosol to plasma at 3 7 0~ at a cell concentration of 2 1 0 6 I m~ 0). samples of membrane is one of the functions mediated by DAG. Figure 3 2 106 cells were spun down and resuspended in prewanned shows that this process is intact in the patient's T cells. The assay buffer ( 145 m~ NaCl, 5 m~ KCI, 1 m~ ~~~~p 0~. 2H20, increase in cytosolic free Ca++ after activation of the patient's 0.5 mM 5 m~ glucose, 10 m~ ~-2 -h~d~~~~-MNC with ConA or PHA, which is mediated by inositol trisethylpiperazine-Nf-2-ethanesulfonic acid pH 7.4). Indo-1 flue-phosphate, was repeatedly found to be 2-to 5-fold higher than rescence was monitored in an Aminco-Bowman (Silver Spring, that observed in normal T cells (Fig. 4) . Because of the predom-MD) spectrofluorometer using 349 nm for excitation and 4 10 inance of CD8' T cells in the patient's MNC, we also compared nm emission. Cells were activated with PHA (200 pg/sar?ple), the mitogen-induced Ca++ response with that of purified CD8+ ConA (150 pglsample), or ionomycin (1 pM). Changes in InIra-T cells from normal donors. It appeared, however, that the Ca" cellular calcium after activation were recorded continuously over response of normal CD8+ T cells was lower compared with a period of up to 5 min. normal CD4' T cells (data not shown). Therefore, the enhanced Flow cytometry. Patient's and control MNC were cultured for Ca++ response, as observed in the patient's MNC, cannot be 3 d with PHA or medium (see above). Cultured MNC were explained on the basis of an imbalance of T cell subsets. washed twice in MEM and resuspended in MEM, 1% BSA, Because of the abnormally high [Ca2+Ii after activation with 0.05% Na-azide (MEM/BSA/azide). MNC (0.5-1 x lo6) were ConA or PHA, we analyzed whether this phenomenon would incubated under gentle shaking for 30 min at 4°C in 10 pL lead to cell death. However, cell viability (assessed by trypan blue appropriately diluted anti-IL-2 receptor antibody (CD25; Becton exclusion) was not significantly decreased up to 24 h after acti- vation with ConA. Furthermore, the process of ConA capping was found to be normal on the patient's T cells (data not shown).
Activation of PKC is, next to DAG, also dependent on the phospholipid composition of the plasma membrane. The ratio of PC to PS has been shown to be a critical variable in this respect (1 1). We therefore performed a thorough analysis of the membrane phospholipid composition of the patient's T cells. All phospholipids (including PS) were within the normal range except for PC, which was approximately 5-fold higher than in normal T cells (Fig. 5) . As a consequence, the PC/PS ratio in the patient's T cells was significantly higher than that in normal T cells (7.1 and 1.6, respectively).
Defective signal transduction as the underlying cause in lymphocyte dysfunction has been described in a single patient with SCID (6) . The defect in that patient resembles the defect in a somatic mutant, derived from the human leukemic T cell line Jurkat, with altered signal transduction through the T cell receptor/CD3 complex (12). T cell receptor-mediated signaling has also been studied in immunodeficient patients with decreased ET AL. (1 3, 14) . Human immunodeficiency virus-1 infected T cells were, however, unable to mobilize Ca++ after stimulation with anti-CD3 (14). We do not know whether the enhanced Ca++ response observed in the T cells of our patient provides the biochemical mechanism to explain, in part, the decreased proliferative response. We also did find abnormalities in the T cell membrane phospholipid composition. PS is the natural phospholipid cofactor in the Ca++-dependent activation of PKC, whereas PC inhibits PKC activation ( 1 5-17). PKC activation after mitogenic stimulation (Fig. 3) was measured in isolated membrane preparations and not in intact cells. We therefore cannot exclude that the high PC/PS ratio in the T cell membrane impairs PKC activity in intact cells. 
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